Decreased serum T3 concentrations in elderly subjects and their possible
An age-related decrease in circulating 3, 5, 3'-triiodothyronine (T3) and an incaease in 3, 3', 5'-triiodothyronine (rT3) have been reported (Rubenstein et al. 1973 , Hermann et al. 1974 , Ohara et al. 1974 , Hansen, et al. 1975 , Bermudez et al. 1975 , Nicod et al. 1976 , Westgren et al. 1978 , Olsen et al. 1978 , Lipson et al. 1979 , Nishikawa et al. 1981 . Furthermore, symptoms and signs seen in patients with primary hypothyroidism re-semble to some extent those seen in senile dementia.
We have previously observed a significant correlation between the grade of dementia and the serum T3 concentration (Nishikawa et al. 1984) .
The present paper deals with effects of low dose T3 administration on the grade of dementia, physical, mental and behavioural conditions, and thyroid states in elderly subiects.
Materials and Methods
Forty-four elderly subjects of 65 to 93 years of age, who had been admitted to a special geriatric care unit (Kyoto Koseien), were chosen for the study after informed consent.
Routine medical check-ups, urine and blood tests and electrocardiograms were performed prior to the study, and anyone who had apparent abnormal after an overnight fast. Serum T3, rT3, T4, and free T4 were measured with commercially available radioassay kits. Serum TSH was also measured with a sensitive immunoradiometric assay kit (TSH RIABEAD II, Dainabot, Tokyo) which could detect a minimum of 0.025mU/l. The normal range of TSH was from 0.30 to 5.0mU/1 (Mori et al. 1986 ).
Medications were administered under close observation, and food intake was ad libitum.
For statistical analysis Student's t and paired t-tests were used.
Results
The relationship between age, grade of dementia (DR score) and thyroid functions (T3, rT3, T3/rT3 ratio, T4, rT3/T4 ratio, free T4 and TSH) was analyzed before T3 administration.
None of these r values was significant at the 5% level, but a general trend to an age-related decrease in the T3/ rT3 ratio and an increase in TSH, and an association of DR scores with the T3/rT3 ratio were apparent in these elderly subjects.
Changes in serum T3 and TSH concentration are shown in Fig. 1 . The serum T3 concentration in almost all of the T3 group showed a remarkable and significant increase by 2 weeks. The average elevation was calculated to be 0.65 nmol/l. By 4 weeks, concentrations of serum T3 tended to fall slightly but were still significantly higher than those obtained before T3 administration. The peak T3 concentrations correlated significantly with basal T3 (Total: r=+0.37 after the elimination of Case 1: r=+0.62 (p<0.01), respectively). On the other hand, serum TSH was effectively suppressed to less than 1mU/l by 2 weeks from pre-treatment concentrations of 0.95 to 10.3mU/l, but tended to recover slightly by 4 weeks. Table 1 shows changes in various thyroid parameters in both the T3 and control groups. The T4, rT3, rT3/T4 ratio and free T4 in the T3 group all decreased by 2 weeks , (Table  2a) , some cardiovascular manifestations such as palpitation, chest oppression or elevation of blood pressure, GI tract symptoms such as soft bowel, belching or nausea, and anxiety feelings or agitation and excitement were observed in 3 of the 22 subjects who received T3. In one of them (Case 1), an extremely high T3 of 4.92nmol/1 and apparent thyrotoxic signs were observed at 2 weeks, and therefore this subject was exculded from the study at this point. Similar symptoms were also noted in 9 subjects in the control group. Analysis of the records of behavioural and mental states revealed that T3 administration induced favorable changes in 7 subjects in Table 1 . Serial changes in various thyroid parameters at 0, 2 and 4 weeks after T3 administration in 21 elderly subjects.
the T3 group (Table 2b) . Improvement in general activity, especially an increase in initiative, was the most common observation and was found mostly in the 1st and 2nd week of treatment. Improvement in understanding and human relations was also seen. One each of them began to read the newspaper or keep a diary, and 3 subjects were judged to be collaborative and polite. Improvement in memory was also indicated. These favorable changes in the T3 group were not associated with either improvement in the DR score or an increase in T3. Some increase in activity was also observed in 4 subjects in the control group, but in 3 of them these changes were not favorable ones. Further, even worsening of understanding and human relations was seen in some of these untreated subjects. The difference between these 2 groups in behavioural and mental states was quite apparent as shown by the weighted sum of calculated indicies of these parameters. Table 3 shows the calculated correlation between the DR score after T3 administration with thyroid parameters before and after T3, and their changes following T3 administration. Among various thyroid parameters before T3 administration, rT3-related factors, especially the rT3/T4 ratio, were found to correlate with DR scores after T3 administration. A similar correlation was also found by comparing the DR score with changes in thyroid parameters following T3 administration (rT3 and rT3/T4 ratio). Fig. 2 shows the relationship between the DR score and the rT3/T4 ratio before and after T3 administration, and their changes due to T3. Those subjects with relatively high or low DR scores did not show any noticeable change in their intellectual activities following T3 administration, although the latter subjects were frequently found to have a considerable decrease in the rT3/T4 ratio following T3 administration. On the other hand, the DR scores for those with around predementia levels (8 to 20) were found to change readily after T3 administration, and 3 of them showed improvement in the DR score while only one showed worsening.
Discussion
The present study demonstrated that elderly subjects in a geriatric care unit had apparently low T3 and high rT3, although their T4 and fT4 remained normal.
There have been many reports and arguments concerning the circulating thyroid hormone levels in elderly subjects (Rubenstein et al. 1973 , Hermann et al. 1974 , Ohara et al. 1974 , Hansen et al. 1975 , Bermudez et al. 1975 , Nicod et al. 1976 , Westgren et al. 1978, Olsen et al. 1978 , Lipson et al. 1979 , Nishikawa et al. 1981 . The conflicting results were probably due to the different situations of the elderly subjects studied, especially their physical, mental and nutritional states. Although the possibility that admission to the unit used in this study may account for the much lower T3 concentration cannot be ruled out, a tendency towards an age-related decrease in the serum T3/rT3 ratio among this limited group of elderly subjects gives further support to the theory of the decreases in T4 to T3 conversion due to physiological aging.
Thyroid hormone is indispensable for brain development, but its role in mature brain is still unclear. We have confirmed the existence of nuclear T3 receptors in rat neuronal and glial cells (Yokota et al. 1986) and their reduction in number with aging (Nakamura et al. in press). Certain symptoms of hypothyroidism resemble in some aspects those of senile dementia. In addition, a previous study revealed a significant correlation between the serum T3 concentration and the grade of dementia (Nishikawa et al. 1984 Refetoff (1980) . Nonetheless, serum T4, rT3 and f T4 showed progressive falls in 4 weeks, An increase in T3 might accelerate the rate of metabolism, including that of T3 itself, resulting in the lower T3 concentration seen after 4 weeks. This fall in T3 was reflected in an increase in TSH; however the increase in TSH might not be sufficient to increase the serum T4 or fT4 to overcome the peripheral effects of T3 in accelerating the metabolism of T4 or fT4.
Of note was that the T3 administration did not actually improve the intellectual activity of elderly subjects as assessed by the DR score, but brought about favorable changes in behaviour in one third of the T3 group.
Such behavioural changes were associated neither with relative increases in T3 nor with an improvement in the DR score, and most occurred in the first week of treatment. The observed changes in behaviour possibly resulted from the direct action of T3 (Mashio et al. 1982) , rather than the secondary effect of general metabolic improvement.
As shown in Fig. 2 , the DR score in those subjects with high and low DR scores was not changed very much by T3 adminisstration, while considerable changes in the DR score were observed in those subjects having a DR score at the predementia level. A significant correlation observed between the DR score after T3 and changes in the rT3/T4 ratio following T3 administration appeared to be mostly due to the great reductions in the rT3/T4 ratio in those with low DR scores. T3 administration had nothing to do with improving the DR score in those with a high rT3/T4 ratio and severe dementia, but improvement observed in those with a predementia level should be of interest. Zegarelli-Schmidt et al. (1985) recently reported hyperplasia of thyrotrophs in the anterior pituitary in elderly subjects. We also observed a tendency towards an increase in serum TSH in elderly subjects in the present study (data not shown). Further study of the role(s) of TSH in the regulation of thyroid function in elderly subjects will be of great interest in clarifying the relationship between aging, the grade of dementia and thyroid functions.
